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The coourrence in the E region of the longsphare of eporedic
inorcases in lonisation, not sxplicable-im torme of the normal E layer
ionisation by ultre~violet 1light, was reported by ..ppleton (1) in 1330
This phonomenon haz sinoo boen the audbject of many investigotions by
radic pulso roflexian methods., Tho results bave boon dasaribed by
Appleton and Neimmith (2) who found that thie abnormal B iamismation ..
coourred as a thin layer at o lowor hoight than tho moximum of the normal
X layer., The sabnormal B layer night peraist for minutés or houra, the
aritical frequenqy rarely exoeosding 10 lig/s and generally being oonsider-
ebly less, Some form of solar influence wes found to be present, but
‘the abnormal iohization ooourred at night as well as hy day and it .

o that other agenciss must be primarily responsible for ite forsm -

. The ionospheric studiss et Tmemss hy &ghtm, Naimmuth and Ingrsm (3)
indicated & relasion bewween the developmoot the sbaormal E Jayer and -
magnetio mtorma and aurore, and Dordmoer and Wolls (4) found somgiderebls
latitode variatigns, Ratcliffe and “hite (5) reported a oorrolation with
thunderstorms, Schafor mad Goodall (€), in oollaborstion with Skellett
(7), found that &uring the Loonid rgteor ehowers of 1931 and 1932, the
lavel of cpnormal E layor ionisatiom reashoed its peak at the timeo of the
expected maxima of the ahowers, mnd.that incrossed ipuisation coourred
simalteneously with the visiblo passage of ocertein meteors, Dur
Leonid showers in later years, Mitra, Syam, and Ghoss (B), Brar (9), sna-
Piswce (10} veboytod some oonfimmation of ¥he-moteorid effeots.

In ion to the abnormel (or sporsdic) E layor, roflexions of
duwration vafying from & fraction of a scoond to a few mooonds havo been
datooted at frequanocios far exocoding tho oritiocnl froquoncles of eithor
the apnormal or normal E layors. Thess oohoca are now generelly known
as ionosphario scattor ochocs. Thelr coourronos was notad by Apploton,
Nolmnith, end Ingram (3), md thoir rangd distribution and reflaxion
ocofficients discussed By Appleton and Piddington (11),

Bokersley (12) alsc dosoribed thoir oharsctoristios, and Skellett
(33) considerod that tho date aocorded with tho motooric explonaticn.
It mmy be noted that Sohafer and Goodall (6) rooorded these short duration
echoes, in addition to the poaking of tho abnormal T layer oritioal
frequenay, during the Leonid shower of 1931, Bokerslay and Mawwer ({L4)
later investigated tho dircotion of arrival and polarisation of the ahort
soatter ochoes and thought thet tho results did not conform vdth the
motoorie hypothesis, Appletan in his rogont Xolvin Leature (15),
oonzidored however that tho ovidenoo eo far available had strongly
.- mggosted motoorin origin, |
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The polar diagrams of thoso sots,.obtained by
maell C,W, oscillator rusponded from a ballodn,. arc
ehall now prooeced to doscribe tho purpose of tle ¢
results cbteined from thou in the order menticnod.

2he vortioal beanm gtations, A, 42,

It was oonsidered that smongst othor charectoriztior whioh might
cmerge from thoir use, the vortical locking zots would dbe ocepocislly
valuable in dotemiining height distridbution. The purpeso in having tw
stations wns to oompare their porformanoce both with similar end veried
conditions of operation. In the Tirst fow wecks thay wore aporated
independently bt frequencies of 73 Mo/e’ md 55 Mo/s; but subscquontly
both were mointained at 73 Ma/s end tho offects of vorying polarisation,
and of using.a _ocmaon tranmitter instoad of two indppendont ones wore
invcatigated. :

3. A oomperieon wem also mado botwoen visuel reoording of ochoos

deplayed on the onthode roy tude as doflootions of o linear timo base,
and photogrephio recording of a brightness modulated time bozo o a

16 mm, film moving ob p.spood of 1,2  inochce por minute. In the latter
otse edhioos wore recordsd on the film as spote if tho ocho duratiwn was
dhort, or as lincs if the .duration was lomg onough for the film to havo
moved sppreciably. Cine photographs, tekon at 16 fromes a socoard of
typiocal ochoes presented as defleotions on o limear time bamse arc ahown
in Mg, 3 a,d, 6, & Those illustrotc the appoarance of tho timc baao
to tho operator making visunl observations. An cxample of an ocho of
voxry short duration, in this cese of large arplitulde, ism given in g, 3 b,
in whieh the ggho can be soen during only omo frame, ond fts duration
mist henoe be about 1/16 sooomd or leas. Typiosl scatter echoos shomn
by photograph rugording of the brightness moduleted treoc ore givem. in
Pig, &, whieh inocludod exalmplos of ochoos lasting sovernl soconds,

Wo shall. first coneider tho resulte for the following three periods,
for eaoh of which the total number of echogs cbeervod visually excoedod
1000,

Period Dotaile

22 = 29 Juo Al on 73 Mofe, A2 on 55 a/a, Visunl Rocarding.

7 =47 July - | K1 and A2 en 73-3c/z, with camon tranamittor.
Visual and Photogrophio Rocording.

24 Judy - 1 Aug. | 44 and A2 on 73 Mo/, with ecparcte tranmitto;'a.

Yisuad ond Photr t,.phig Rocording.

Graphs showing how the mumbor of echocr per hour varied with the
hour of the day are given in Mg. 5, tad the range distributionz shown
in Mg, 6. .Those grephs of ¥imisl-rooordingr domcoetrate substantial
“agreemant between the two statlions, although the hourly rate feor the

55 Mo/d stetion, A2, in tM Tiret period is highdr thon thed of the

73 Mo/ s statden A1,  Cortein difforoncos betwoom the throe periods arce
apparent in the mean diumal variations of rete of occurromoc, most
pertioularly, the pronounced peak in. frequency which .oours around mid-
wight in fhs SHixd poriod; the inteorpretation of thie pusk is discussed
in Part I 0f the rapirt. The ronge distributions ahow no mayked changos
for tho thro¢ periods. Sinoe tho radic deam exis is vortionl, these
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eimiloxity, the numbér of similtaneous ;

the two stations amownted to slightly under 50f0 of thé oc

one station, Thie is roadily explicable from tho fact that by
greater nurber of cchoes of occhoes vore ntoxy duratior

ochoes, of-—mmitt =mignal strength re numerous thaw

wmplitude, an exhmple, the ratic wnbors of ect £

less than 1 socond corparcd with those of greater duratign,

while the r;.yio of tho number of signals exceoding twice no. 1 3
comparod with those exgoeding four times nolse power was 2,2:1, v
unflerstondable thorefore that visual obsorvation might be ospecisll
_ 1iablo to miss a proportion of ochoes ewing t6 preponderance of ccho
_short dur.uior znd =muall sir;n d amplitude. -

3 Operution of tho “hotogr phio recording- of the brﬂgﬂ:nou modulated
time~base ".s lntomitt-.nt owing to tho development of-fecimicsi—faul
but tho res indicated ‘an increaso of sbout 20) in the total nwber
ni"‘in.cidcu.t” and a slight increamo in :tho numbor of coincidences. The
¢fficiency of this system depended vn carefnl 'xd;ju stment and stability
in the sotting of traco brightness and of recoivor gain, which determ
the noiso level which appoers as a speckilod background on tho film
Iyperfootions in the recording apperatus. proventod the coincidence rat
frem being groater, but it must be remembored that tho diffiocultics of
rccognisin" small, short duration echoes on & noise background is su ‘.n
that 100 c:incidoncos oan neover be oxpoctod. Kith tho kmowledge 'f the
carlicr expericnoes, special prcomltions weretaker in a fow d s of
photographic recordings obtained ath Sheamness [in early October; 4945, and
tho coincidence rate then rose to 85%. i ;

In e.cdition to tho tlueo pemods of obecrvation tabulated .‘bov\»,
sevoral oxperiments on polarisation effects were undertaken for yur &
‘of cne'or two days, Although those toste covered such a limited |
tl':oy were suffitiont for the oconolusion to be drawn that there wae n

gliﬁoant change when the plane. of polarisetion was changed through

that is from East - Wost to North ~ South, JTurther, when tnc
polu.risation of o tronsmitton was at 90° to that of tho receiver i
number of echocs fell considorably, showing that the polarisation of
tho ecchoed ficld tended to beo tho same as that tranmmitteds

_ T inclined boem stations

Yo chn."l now consider the results for tho three smots Bi, B2, and
B3, at Aldoburgh, Valmer, and Richmond revpeof:ively, with the mcbﬂ of
their inclined beams interseeting at zbout 100 Xm, height., The purpose
ofl this experiment was firstly, to £ix the location in space™of echoos
soen simultancously by tho three stations by measurement of the ranges
f£rpm tho three cbzorving stations, and socondly, to investigate any
asbcot cffects, that is variation of reflected signel accoréing to the
direction of incidence of the radio waves. It was realised that both
of those aims might not be fulfilled, =ince, if t\spom proved o critic™
factor, the chancoes of . simultanoous observation of echoes by the throo
stations would be diminished. In later periods the threc s ‘\.nuicmx were
eot -on.other bearings in order to compare tho rcsults for sevoral .
direotions, thi oxes of the three beams in those casor no longer havi Jlg
a ocommon point of intorscotipn., Visual recording was used tur ughout,
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Triple coinoldences for B4, B2, Bli-

Calculited probefility = 3.1 of total number of echoes eeen by all
stations.

Obaerved coinoidences = 0.02%
Double coincidences, BY, BS:-

Calculated probability = 40,57 of tota) number of ecfisés seen by both
stations.

Obaerved _ooinc idences » 1.6G5%.

Thus we see that even 4if wo mudtiply thé observed ooincidences by
a factor of &k in the oase of double coincidences and of 12 in the ocase
of triple coinaidences in order to allow for echoee missed by tie
obesrvors, the caloulated probahility, based co the assutption of
isotropio scattering sources,-is greater than the cbsorved percentago.
We may thorefore eonclude that the echoos show differential effoots
aocording to the direction of the observation., Thie is further borme
out by the coincidence percentage observed between Bi, the obligue beam
station at Aldeburgh, and tho vertical beam station A1, (or A2),
2ituated on tho swme sits. If the echoing sources are sensitive to
the direotion of incidence then the probebility of coinoidence betwoen
B and A1 (or A2) might be increased ovor that caloulated on tha basis
of lactropio scurces, This is actually the case as shown by the follow
ing figures,

Double ooincidences B1 and M (or A2),
Celoulated probability = 1.%s of all tho echoea sesn by both statione,

(Thie rigire ie more liable to error then the 80
. Quoted above owing to inocamplete knowledge of
the beam of the inclined station in the vorti

oal direction, ) :
Gbaerved coinoldences = ¥

. This differdnoe ia acoentusted by allowing for visual echoee missod.
We omclude thsrefore that both the reduction of ooihoidences for ataticr
on separated sites but with intersecting beems, and the inorease for
stationa on the same site with partial ovorlap of coverage, as.ocmpared
with the caloulated values, nocord with the assumption that the echo
sources arve sonzitive with respeot’ to aspedt.

IIB JETEORIC THEORY ; :
f

At the end of July, A, A, Comhand were unable to eontinue to provide
the porsonnol to man tho five stations. Their partioipation ceased,
therofore, except for some further valusblo assistance in the roading
of the photographiocally recorded flms and fTor the fufthor trial in
Octobor with the vertical booum setw at Shecrmeas which has boon discusecd
proviously. Tho resosarch was tharefore continued on o more limited scale
in Richmond Park by tho authors, with thé help of a few othor Opezational’
Rosearch Group personnel. . J \

- o

3

At this time it was folt that the rosulte preeeptol strong confins‘ina
of tho meteoric origin of the ochoes. Metogrs are known to leave atrecks
or treine which can persist for long poriods} Buch glowing colums must
evidently be intensoly icaised and tho high blectron densitioa will there-
fore produce totally ro¥lecting surfaoce: for frequenoies below tho oritical
froquenqy, whilo partial reflexions will cocur at higher frequenclos.
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t may readily be deducod that the beam of the st
t right angles to the rodisnt during the period of
re indcbted to B. Rimmingtan for valuw soistan

1¢ photographie recording and subscquch. recding of ti

/.‘\-;n’:i.n- resdlss which emerg
as corparcd with those of the provi
long duration, rose to a pronounced pc
the ochoes pergisted more then 5 =c
et v £ July when less thon 2 T

1ece. duration. The froquency of occur

21

X
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2
t o
c urrcnce, of
cdmum on 11 August, These two resulis arc r» pre-
in Yig. 10, and for comparison, we have includ
during 26 - 3. July for the same. deily pcriod, set benring,
ethod, Tho in the frequenmcy of occilrrence of ccl
coe, duration is pafticularly marked. &lthough v
rect visual gbservptions of THG meteoxr shower was atfemptid,
at the rseids appear with no remarkable variations iv
1y every ‘fugust.  The streom begins cut the earth at
B the mi v be expected ofi 11 August, cteor

iddle of July,
8£il) very freguent for tho noxt two nights af'ter whifchr theze.
deeline . The obzervations therefore correspond well with
t ical characteristics. i
;
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J— ' Tt was not practiceble, owin
scatter watch Purther unt 2 Y Gle. It
v that date with o singlo vortienl ! Toiom—-in Récitmond
being to inmveatigate over o ion ~10f. pry rclation betweots
of' oeeurrence of cchoce ard notceor shover folt 2
purpose tho vertical set would present tl rpldst oconditi
the diumel varistions being much loss merked then with cbld
Purther, it would provido en acclirate hoight record. Cwing
ddmitations, the watch wag kept bnly betwoen 0915 - Y200 hx
#630 hrs. G.AT. daily; theec daily obsorvetions were made ov
period Decoumbor 1945 to Juno 1946 inclusive. AlL reocording wi
“¥isual cbeervation of the ‘echoes. on -tho cathode roy tubes Dur
poriod 20 -~ 20 April inclusive, the time of the Lyrid . .shower, !
was oarried out at'night rdong with & visudl watch for moteor the
gky: Daily measurements of ‘renmmittor fleld wirength and receciver
__sensgitivity were made a8 to exclude oquipment performcnce as @
possible varieble affccting the observed rate of occurrenec of co!

=

Record of mean hourly rebe, vucenber, 1946 = Junc, 19h&.

Tho Bain. purpese of this investigation was as mentioned above, t
look for clear corrslations of Liw lwuply reso with main showprs.
Referring to the Metoor Tisgy givet -y J.P.il Praniioe in the Britdish
Astronamioal Asseciation Lendbroke for 1947 and 193, we woec thut tix
main showors expocted duritiy the!peries aré th Q'a,_.:.},,.an-*:‘ja_-,' e 2 -3
January, and the Iyrida, ob ’ prils . Tac Duadrantids should t
oharacterizced by & dupatict of adout hou: The lyrids, en the other
hand, have a durntion of o few déys w o expeocted! naxinmu; e 21 Sprid
In Pig. 11, wherp the meap:hourly e a0 AL cchives. 13 plotted for the
poriod 6 Docedber = @6 Moy, wu 356 av once that peakk coour at
oxpocted timed for theeow Lo rhowver L proainett paek for single day
ooours &t the timc of the Quadrdtid wiowe?, Whilo a.marked broader
with & naximuy on 24 SEPilicceurt Akl tho € lme Tof tho: lyvide. This
faithful reprodugtién of tibo wwidor chiractcristica in tho hourl|
of smcatter gchoos phovided uas with unmibteRloadble vvidonoe 0f th
origin of at Xeast a major propoition of thiso ceiiw

\ 3 ewine -
Sdmiiionso:n ogho cbeurmader ond Yisundl metooy bl
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L diroct Satel ror metoors i
shower provided Turther verifica
with moteors.  These obacrvat
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The aicy ves clear throughout the whole period of tbeervatiom, with
Bhe exoeption of about twenty minutes on the second night wher £ gy
#ad Broken patoh of oirro-stratus entorod the fiold of view, but th
was-not suffiéiently 12¢ t poir observation serivusly.- The spparont
t¥aoks of all the netoors-scen, Projectod on to o horizontal planc, ar
sham in Mg, 13, > 1iet of meteors, 13 dh 211, md partioulars of«thg
radar echoesz cro giver the table on the previous page.

In the preceding tablo thor by moteors vhose trogie,
Af wecessary, passed through tho rsgion of the viewing frome, o
theses7 wore assoclatod with rodar echoos. to the remginin
observer stotod at the time that-heé-mas doubtful vhether he
seen a notoor; it is notadle that all the othora wero atated
bright ond unmistakeedle, Tho visible pawts of tho paths of
the motoors, whic ve ralar echoos, tely ]
but in two oases t roduced 1 wgh 4

o may ncl
oan definitoly b
rodar echoes liste L
pony roder echoe 2 h tence of
foint ot be tdch a X 3 visibl
t > tu, 2] ¥ ¢

catter och r

be expocted, A } sider r tho
choractorietl T the to grous 1 choos
into one olnss, with propertigs oorrTo 1ding closoly with tb { metoors.
This is indicated in ono woy by the correlutions in hourly rate Just
oomsidorod. The geucral ol £ the propoyties of the scattor
ochoos with thoso of moteor oolt with more fully in Part II of this
_ peper.
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served cLy

TY
1ded thaty in generald,

niles (approxsl22 il ) and disappear at aboub
“roworidge (17) computed that the mean ‘,;\'é.-l;;“t

T9r appcarence and disappearance being 103
It ms been lmovm from fhe onrlicst obsérvations
choos that fhoy ore roughly sitynted in the B r
It is therefore of interest f ccmmcr to what

aximwn gecurence is’ rel Lz.u to the heighta of th

dengity of noxuanl qr sbnommal E doyerss Now sppleton I th

(2) found that the mean heights of the raxinum ionisats L for the
nommal Ewere 120 end 134 it for summer and winter respectively,while for the
emorned: E:.wyvu'e J13 mduiﬁahmspectivcly.omc the rcg,..cn of  maximam

_J‘chueng' of beecurenco of ..u(__,-,ee—deg.r echoes iz around 95 Kow ¢ o nclude

tHat it is not welated in height to the E layers, Tccepting t'.k. theory
that the moteor ,san, . by virtde of its high velocity, -produco hly.
“iopised scolumn OF gAE, Vio'may infc th"c the mofeor” teelf iz the rein
lonising agency andsthat in this reg.non s b—‘tm:“ﬁcmc oonditiong are
appropriate for ionisation to ocecur imn this way. No w'nu,cnq condition
of 1on1°at13n noed bc~=- ssumed apd”if E _loyer ionisntion is a.fact T t
has on]y a u.nor_ef;t:ct., This is mot surprising since the-freguenciles
used in“the present investigation are of the order Of 10-timos the cribic el -
froquencics for tho norrml or obnomnl E leyors. - This implice that we =7
are concexncd with repions with olcctron densitice of the orde:
tines that of the E layors. Welthus profer ‘c; consider the rcgion
ucpamté ongé and Wo 'may rgfer to 4t as the ' netooric loyer b= It
Pe Beon that tho shope of the hoight, curve ( Vig 19 ) cpproxifatés. i
charactoristics t& a C‘mp'”m region, which might bo expected for
ionisation producad by tn extemal ageney of £his pature cven thougt
Ionisation 1s only of transient duratlorn. ; S

1t is-6f intofest to-determine whother “the range distribution:
thes same. for scatber-¢choss Of different characteristios in dur -u;. )
complexity. In Fig. 20 tho ronge distribution for m ontary echoes!,

- (duration less then & sce.) iscompared With-that of cehogs of longer
duration, -and that for echocs of coplex appejrance -with tu.ﬂ.. for in"'lu
ochoes. 1In:both c*ecs we sce that Iongeér du:gt:mn echocs-and. conplex

oncs show, a rango coverage extending, to slightly greater heig te.

Variotions in wetcors, such ns size, velocity, fraguentation, cte.,

are agsumod to be the controlling factors. ‘Jvtcon of grcater speed

might be expccted to produco’ionisation at groater heights wherc the rave .
of ionic rccombination is slower dug to reduced pressure and the ochees”
consequently of longer duration. It dees not -cppeer justificble to

postulate origina of a differcnt naturc according to-tho ccho characteristics,
particularly as the difforaices in ronge distribution axc ‘®m0ll, Turther . - -
support for this ¥iow is afforded by .,ht' detcr ination of corrclation :
ooofficients for: the following entitics
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Wo deserdbod in Part I the duteilod correlation which exiszte botwoon
the hourly rate of oocurronce of acatier cchoos.pnd meteor chgwors, Thi
wea demongiratod, for example, by Tig. 11 dn which thu pockz in froquency
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